The matter of preservation is of great importance in the manufacture of biologic products that are to be employed in the prevention and treatment of disease. Phenol and Trikresol are generally used for this purpose, but they are not entirely satisfactory. With the comparatively recent development of a number of new germicidal substances, it seemed appropriate to make a study of some of them to determine whether or not they might be employed to advantage.
There are five features of major importance which must be known in order to judge the potentialities of a germicide as a biologic preservative. These are:
1. The germicidal action upon spores and vegetative cells of bacteria in different media.
2. The effect upon the antigenic or immunizing value of the various products.
3. Effect upon the appearance of the product and the precipitation of protein or other substances. 4. Toxicity of the germicide, with special reference to the margin of safety as measured by intravenous, intramuscular, and intraspinal toxicity tests. 5. The histologic changes which the germicide produces in animal tissues.
The problem was divided into two parts with different methods of approach. The first part was a study of the germicidal power has been demonstrated that many germicides are more effective against some species of bacteria than others. The first two species produce vegetative cells only and the latter two are sporeforming bacteria.
Inoculations and controls. One-tenth of a cubic centimeter of each of the cultures was added to 10 cc. plain broth and the whole incubated for twenty-four hours at 37.5°C. At the expiration of this period the cultures were filtered through sterile filter paper to remove the clumps and to produce as uniform a suspension of the bacteria as possible. One-tenth of a cubic centimeter of each of these cultures was added to the specific dilutions of the germicide, using one tube for each dilution for each of the four organisms. After inoculating the various dilutions, they were allowed to stand at room temperature for twenty-four hours.
Determining the germicidal action of the chemicals. The tubes were next examined for visible growth and the results were recorded. Then each dilution was plated separately on plain agar. One cubic centimeter of each of the dilutions was seeded over the surface of plates that had previously been poured and incubated for sterility. The inoculated plates were then placed at 37°C. for twenty-four hours and examined for bacterial growth.
Physical effect of the germicides upon the medium. Observations were made (a) upon the coloring action of each germicide on the various media employed, (b) the appearance of turbidity in the salt solution, (c) precipitation of protein or other material in the bouillon and serum and (d) miscibility of the germicide with the medium. Study of germicidal action Phenol, due to its antiseptic properties, has long been employed as a preservative for biologic products. Phenol, 1:333 parts in isotonic salt solution, 1: 200 parts in bouillon, and 1: 200 parts in serum killed all four species of bacteria within the twenty-four hour observation period and caused no discoloration of the salt solution, bouillon, or serum. There was precipitation in the bouillon and serum at the dilutions in which it was germicidal. This precipitate formed almost immediately and increased with agitation. In a comparatively short time it settled to the bottom of the tube leaving the medium practically clear. Phenol was also found to be miscible with the media at the dilutions employed.
Trikresol (ortho-, meta-and para-cresol). Trikresol gave a clear solution in aqueous 0.9 per cent sodium chloride. It caused no discoloration of the serum or bouillon, but, in the germicidal dilutions, gave a precipitate in both bouillon and serum. Bacteria were killed in salt solution containing Trikresol in a dilution of 1:500, in Trikresol-bouillon 1:333 parts, and in Trikresolserum 1:250 parts.
CoUoidal chloro-thymol (25 per cent). This is an amber-yellow solution, water-soluble, and with a weak thymol odor. Colloidal chloro-thymol is a chlorinated methyl-isopropyl-phenol of the formula C6H20H(1)CH3(3)Cl(4)CXH7(6). In this preparation, by a substitution of the hydrogen atom, the halogen chlorine is introduced into the benzene nucleus. Graphically it is:
It was expected that the introduction of a halogen into the benzene nucleus would decrease its toxicity, and would thereby correspondingly increase its germicidal value (Laubenheimer, 1928) . This substance was miscible with the medium, gave the salt solution a cloudy, bluish-white appearance, and was effective in a dilution of 1:333. In a dilution of 1:200 in bouillon and serum, it killed all four test organisms. In both there was marked turbidity with heavy precipitation.
Colloidal chloro-cresol (25 per cent). This cresol derivative, also, is an amber-yellow solution, water-soluble, with a weak odor of cresol. In this preparation, as with colloidal chloro-thymol, the hydrogen atom is substituted by the halogen, chlorine.
Colloidal chloro-cresol (25 per cent) in salt solution was effective in a final dilution of 1: 500, giving a pale pearl-gray color to the solution. It was effective in a dilution of 1: 333 in serum and 1:250 in bouillon. In the bouillon and serum there was heavy precipitation, with a rapid settling of the precipitate.
Colloidal chloro-cresol (50 per cent). Colloidal chloro-thymol (50 per cent). This strength of these substances was recommended by the manufacturer after failure of the 25 per cent solution to prove satisfactory in this work, due to the heavy precipitation of the protein material. Dilutions were made in salt solution, bouillon and serum from 1 per cent to 0.1 per cent. Although there was an increase in the germicidal action over the 25 per cent colloidal chloro-cresol and chloro-thymol, there was also increased precipitation.
Ether as a menstruum of preservatives for biologic products is effective for phenol and Trikresol in preventing precipitation, and so was added to the above colloids in equal parts in both the 25 and the 50 per cent strengths.
The results in the 50 per cent concentration were the same as those in the 25 per cent concentration, except in the case of the chloro-thymol. Here, in a concentration of 0.4 Metaphen (2 per cent in a 2 per cent NaOH solution). Metaphen, a proprietary preparation, known as 4-nitro-3, 5 bisacetoxymercuri-2-cresol (Raiziss and Sevarac, 1923) . Its structural formula is:
The 2 per cent solution is amber colored and it mixes readily with the media employed. Because of its high germicidal value, it was necessary to make an initial dilution of 1: 1,000, using distilled water, before preparing the desired dilutions with the media.
Metaphen gave the media a faint amber colored appearance, but one that was not easily discernible. In a concentration as high as 1: 200 there was no precipitation in either the bouillon or serum. It was germicidal in salt solution in a dilution of 1: 10,000, in 1: 8,333 parts in bouillon, and in 1: 5,000 parts in serum.
For further study of the germicidal action of this substance, a number of bottles were prepared, some containing serum, and some bouillon. Metaphen, 1:8,000 in bouillon and 1: 5,000 in serum was employed. Each was inoculated with about 0.5 gram of dust particles. These cultures showed no growth when in direct sunlight for several weeks, after which time there appeared in the serum a growth of air bacteria. At the end of six weeks the bouillon showed the presence of molds and various organisms. Metaphen in a 1:8,000 concentration was added to 100 cc. of tetanus toxin and was placed in each of five bottles. Also five bottles containing a similar amount of diphtheria toxin with Metaphen in a 1:8,000 dilution were inoculated with dust and incubated for two weeks at 37°C. At the end of this time they were examined and none showed growth. From these, five samples were placed in the sunlight and five in the dark. At the end of a month all five samples kept from the sun rays were sterile 408 The 2 per cent aqueous solution is odorless with a brick-red color while in higher dilutions it is amber. In preparation for the germicidal tests, due to its ability to kill bacteria in high dilutions, a preliminary dilution of 1:1,000 in distilled water was made before completing the final dilutions by the addition of the basic media.
This substance was miscible with the media, and was germicidal in salt solution in a dilution of 1: 16,500; bouillon, 1: 12,500; and serum, 1:8,500. It imparts an amber hue not unlike that of normal serum and bouillon, but slightly more intense. There was no precipitation in serum in dilutions as low as 1: 200.
A series of preparations were made, as in the case of Metaphen, under identical conditions, and exposed to sunlight to ascertain if there was loss of gercidal power. Bouillon containing Mercurophen in 1:12,000 parts, and serum 1:8,000 parts were prepared. After four months' exposure at room temperature the serum and bouillon were found to be sterile. After inoculating five samples of tetanus toxin, and five samples of diphtheria antitoxin, each containing 1: 10,000 parts Mercurophen and incubating at 37°C. for three weeks, all were found to be sterile. These were then divided into two lots, one exposed to the air and sunlight, and the other exposed to the air but protected from sunlight. At the end of a month both lots were sterile. It was assumed from this experiment that light does not affect the germicidal power of Mercurophen. Discussion The germicidal power refers to the destruction of all the species of bacteria employed in the experiments. A large inoculum was intentionally used to provide for exceptionally heavy bacterial growth, one that would far surpass the usual conditions of accidental contamination. If the dilutions are not made in such a manner as to contain sufficient medium to promote growth of the bacteria, the germicidal effectiveness is given a high and false value.
The germicidal power of each substance decreased with an increasing amount of organic material present in the medium employed. There was also noted a selective action of the chemical substances, the organic mercurials being particularly effective against Staphylococcus albus. The tests were repeated a number of times and the germicidal and physical effects were regularly found to be as stated.
Of the chemicals studied those best suited for biologic preservatives from the standpoint of germicidal efficiency, physical effect, and the appearance of the product were Mercurophen, Metaphen, Trikresol, and phenol, in the order given. The remainder of the paper is concerned with a further study of these substances.
II. TOXICITY TESTS
This phase of the work was undertaken chiefly to determine the toxicity of Metaphen and Mercurophen, but included in part the toxicity of phenol and Trikresol. The toxicity of phenol and Trikresol has been determined by Leake and Corbett (1917) The experimental animals employed in this part of the problem were rabbits and albino rats. The injections were made intravenously and intramuscularly.
The phenol was weighed and diluted to the required concentration with double distilled water. Trikresol, Mercurophen and Metaphen in the liquid state were diluted to the desired concentration with distilled water. The quantity of each germicide to be injected into each animal was calculated by multiplying the weight of the rat or rabbit by the dose in grams of the germicide and dividing the total by the grams of germicide per cubic centimeter of solution. In the rat, intravenous injections were made in the saphenous vein, while intramuscular injections were made in the fleshy portion of the hind leg. With rabbits, intravenous injections were made in the marginal ear veins. The rats were between 100 and 150 grams in weight, the weight being taken before a heavy feeding. Rabbits were not less than 1.5 kgm. in weight and were apparently in excellent physical condition. The amounts injected were measured in 2 cc. Luer syringes, graduated in 0.1 cc., and also a 1 cc. syringe graduated in 0.01 cc. The quantity to be injected governed the choice of the syringe to be used.
The maximum tolerated dose (M.T.D.) was employed to demonstrate the tolerance of the experimental animals for the germicides studied. This degree of toxicity was determined rather than the minimum lethal dose as it was thought that it would represent more satisfactorily the margin of safety that would be essential for the safe employment of each respective germicide in the capacity of a biologic preservative. In Kolmer (1926) that solubility in the tissue, percentage of mercury, and rate of dissociation of mercury influence toxicity and physiological activity. The times of death in the toxicity experiments on animals poisoned by the mercury compounds fell into the groups as outlined by McNider (1924) , depending upon the reaction and mode of administration of the mercurial substance. In the first group were animals which died usually within two days. The second group would generally survive this period but die within seven days, and a final group survived both periods, but died within fourteen days-manifesting a delayed poisoning.
Discu,ssion
It is evident that the M.T.D. for the mercury compounds is not a constant value. As shown by the effect of dilution and the tolerance of individual animals, there is a broad range of susceptibiliity. In some preliminary experiments an individual animal 3  3  3  3  3  3  3   3  3  3  3   2  2  2  2  2  3  3  3   3  3  3  3  3 Kramer (1913) observed a number of cases of sudden death after the treatment of cerebro-spinal fever with intraspinal injections of specific antiserum, and advanced the hypothesis that the preservative, Trikresol, was the cause of the symptoms. That the toxic action of the serum introduced into the subarachnoid space of dogs and cats was due to this preservative was later proven by Hale (1913 ). In 1914 , Voegtlin (1914 confirmed the results of Kramer and of Hale and found that Trikresol and phenol were equally toxic when injected in like quantities, and stated, "As a general rule, the effect on blood pressure increases in proportion to the rate of injection and the concentration of the phenol preservative."
The fact that phenol and Trikresol possess such toxic properties when injected intraspinally made it desirable to know the effects produced by Metaphen and Mercurophen upon the central nervous system.
Procedure
The experiments were carried out on dogs. The anesthetic employed was ether and the degree of anesthesia was kept uniform by performing tracheotomy and introducing the vapor from a bottle directly into the trachea. Blood pressure was taken from the carotid artery, and tracings were obtained by using a mercury manometer. Respiratory rates were recorded graphically by inserting a canula into the pleural cavity just above the diaphragm and recordings made on a kymograph connected with a tambour.
Methods of injection Two methods of injection were employed; namely, by pressure and by gravity. Several vertebrae in the lumbar region were exposed and injections made by introducing a needle directly into the spinal canal. Spinal fluid was permitted to escape. The needle was then connected with a Luer type of syringe or graduated burette depending upon the method used.
Antimeningococcus serum was preserved with Mercurophen and Metaphen in 1: 2,500 and with phenol and Trikresol in 1: 200 concentrations. These dilutions permitted a margin of more than double the quantity of Metaphen and Mercurophen needed for preservation purposes. Sera preserved with each of the above substances were injected alternately, using both the pressure and gravity methods of administration.
Protocol Only one protocol of several experiments is given since the others are similar to this one. The symptoms manifested after the administration of phenol intraspinally are the same as those produced by Trikresol, so a protocol showing in detail the effect of the latter substance is not included. 10: 59 a.m., pressure released and serum permitted to flow out. Blood pressure and respiration normal.
11:10 to 11:12 a.m., 4.1 cc. serum containing 0.5 per cent phenol administered by gravity method. A drop in blood pressure followed, with shallow and uneven respiration. Immediately before releasing injection pressure, coarse tremors were manifested. After releasing the serum from the spinal canal, there was an immediate rise in blood pressure to normal and respiration became constant.
11:27 to 11:30 a.m., 4 cc. of one part Mercurophen, in 2,500 parts serum administered by gravity method.
11:30 to 11:33 a.m., 1.5 cc. additional serum as above. 12:27 to 12:29 p.m., 2.9 cc. serum containing phenol (0.5 per cent) injected by gravity. Gradual decrease in blood pressure returning to normal when injection pressure was released.
12:45 to 12:47 p.m., 7 cc. serum containing phenol (0.5 per cent) injected under pressure. Marked decrease in blood pressure, respiration became shallow and finally stopped; injection pressure was released after which the respiration and blood pressure became normal.
12:54 to 12:58 p.m., normal salt solution containing phenol (0.5 per cent) administered by pressure. Marked decrease in blood pressure, tremors were shown, respiration became shallow and finally ceased.
Discussion
Phenol and Trikresol. The results obtained with a serum containing phenol and Trikresol (1:200 parts), were in general analogous to those of Voegtlin (1914) . In all cases there was an immediate and marked drop in blood pressure with a slowing and final arrest of respiration if the pressure was not released. Serum injected under pressure gave a more precipitous drop than when injected by the gravity method. The amount of phenolized serum necessary to cause these effects was small and within several minutes' time. Respiratory and blood pressure changes are shown in figures 1 and 2.
The severe symptoms manifested in the vasomotor and respiratory centers with phenol and Trikresol makes the use of these substances as preservatives in biologic products to be administered via the spinal canal a hazardous one. compared to that of unpreserved toxin after sixteen and twentyeight days' incubation at 37°C.
Diphtheria antitoxin similarly preserved showed no loss of potency when compared to the potency of the unpreserved serum when incubated at 37°C. for sixteen, twenty-two and thirtynine days.
Incubation at 37°C. for fourteen days caused a complete loss of toxicity in the control and preserved tetanus toxin while tetanus antitoxin preserved as above retained its potency for the periods studied, i.e., seven and fourteen days.
An analysis of the potency tests showed similar results with no definite evidence of loss of toxicity or potency due to the action of any of the chemical substances used as preservatives. Tetanus toxin, however, is unstable at 37°C. and the unpreserved as well as the preserved product showed a complete loss of toxicity.
V. HISTOPATHOLOGIC STUDY OF THI EFFECTS OF METAPHEN AND MERCUROPHEN UPON TISSUES
The ability of certain mercury salts to produce nephritis has been known for years.
In 1860 Pavy induced an experimental nephritis with mercury. He considered the Malpighian bodies to be the seat of injury and also noted necrosis of the tubular epithelium. Later, Aschoff (1912) reported in detail the renal pathology produced by mercuric chloride, which consisted in swelling, hyaline vacuolation, and necrosis of the tubular epithelium.
The present study was undertaken to learn if the mercury compounds, Metaphen and Mercurophen, in doses representing 25 per cent of the M.T.D., produced any tissue changes.
Procedure. For this study albino rats were used as the experimental animals. One hundred and fifty per cent and 25 per cent of the maximum tolerated doses of Metaphen, Mercurophen, and mercuric chloride were administered intramuscularly. These doses were chosen in order that the lesions produced by a toxic dose and sub-tolerated dose might be learned. Mercuric chloride was also employed so that a comparative study of the lesions produced by Metaphen and Mercurophen might be made. The animals were killed at varying lengths of time in an attempt to observe the various stages of the lesions produced. Six rats were used on each mercurial substance in the 150 per cent dosage and six rats on the 25 per cent maximum tolerated dosages. With the latter dosage the animals were killed on the fifth, seventh, twelfth, fifteenth, seventeenth, and twenty-first days. Care was taken to place the tissues in fixing fluids immediately after the death of the animal.
Discus8ion
The a ministration of 150 per cent of the maximum tolerated doses of Metaphen, Mercurophen, and mercuric chloride produced tissue injuries which were essentially identical in character and in degree. Lesions of the heart muscle, spleen, and liver were not constant, and when demonstrated at all, were of minor importance. The kidney showed the most characteristic changes; namely, a toxic nephrosis.
Mercuric chloride produced necrosis of the muscular tissue at the site of injection in two animals. This condition was not found in any of the rats injected with Metaphen or Mercurophen.
It was not possible to differentiate the lesions produced by the three mercurials studied. The degree of tissue injury produced depended apparently on the amount of mercury administered and the length of survival. One-fourth of the M.T.D. produced no evident histologic changes. The quantity of germicide which would be present in the maximum dose of serum to be administered is materially less than one-fourth of its maximum tolerated dose. Therefore, because of the extremely small amount of the two mercury compounds, Metaphen and Mercurophen, needed to preserve biologic products, these substances may be used for this purpose without fear of causing any symptoms or pathologic changes in persons receiving the maximum therapeutic doses of these serums. As far as could be determined neither phenol, Trikresol, Metaphen, nor Mercurophen decreases the potency of toxins and antitoxins.
Of the biologic preservatives studied, the mercury compound, Mercurophen appears to be the most satisfactory, with Metaphen as second choice, and both superior to phenol and Trikresol.
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